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SUPPORTING ONLINE INFORMATION 
 
Deep-sea archaea fix and share nitrogen in methane-consuming microbial consortia 
Anne E. Dekas, Rachel S. Poretsky, and Victoria J. Orphan 
  
This file contains Supplementary Materials and Methods (Page 2), Results and 
Discussion (Page 9), and Figures and Tables (Page 15). These sections provide additional 
information regarding the 15N substrate incubation experiments and characteristics of the 
putative ANME nitrogenase operon. Figure S1 displays the results from the FISH-SIMS 
analysis of natural abundance δ13C and 15N2 assimilation in individual ANME-2/DSS 
consortia using the CAMECA 1270 ims ion microprobe instrument (housed at the 
University of California, Los Angeles).  Figure S2 shows the diversity of nifH genes 
recovered from the 15N2 sediment incubation experiments.  Figure S3 displays the partial 
nitrogenase operon structure and conserved amino acid residues of the nifD gene, which 
encodes for the alpha subunit of the dinitrogenase. Table S1 summarizes the 15N sediment 
incubation experiments and Tables S2 and S3 provide information regarding taxa used in 
the phylogenetic analysis of nifH and nifD. Table S4 reports the inhibition of AOM and 
sulfate reduction in the presence of acetylene.  
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Supplementary Materials and Methods 
Sediment collection and preparation. Seafloor methane seeps within the Eel River Basin 
(ERB) off the coast of Eureka, California were sampled at depths ranging from 500-520 
meters. The region supports localized areas of active methane venting, sulfide-oxidizing 
bacterial mats, and Calyptogena pacifica clam beds, as previously described (S1). 
Sediment push-cores (PC) were collected from two different sediment habitat types 
located along the ERB Southern ridge (40o 47.1919’N; 124 o35.7057’W; 520 m) in 
October 2006 using the D.S.R.V. Alvin. PC-14 was collected through a microbial mat and 
PC-11 was taken within a clam bed.  Sediments used in incubation experiments were 
extruded from the push core liner, transferred into whirlpak bags under a stream of argon, 
and sealed in mylar bags.  Sediments were then stored 4ºC until processing in the 
laboratory.  
 
15N Incubation.  The top 15 cm of PC-14 were homogenized and supplemented 1:1 with 
artificial marine media containing 40 mM sulfate (modified from (S2) by eliminating 
reduced N species). PC-11 (0-12 cm) was similarly homogenized and supplemented with 
0.2 µm filtered seawater collected above the ERB seep (~ 500 m). Both core samples 
were stored in the dark in 1 liter anaerobic bottles at 4ºC with an overpressure of methane 
(2 atm) for one month prior to isotope labeling experiments. The sediment slurries were 
subsequently prepared in an anaerobic chamber and sub-sampled into serum bottles that 
were sealed with butyl rubber stoppers and amended with various nitrogen substrates and 
inhibitors. Sediment incubation conditions are detailed in Table 1, with replicates for 
each treatment done in duplicate or triplicate.  2-bromoethanesulfonic acid (BES, 5 mM 
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and 20 mM) was added as an inhibitor of anaerobic methane oxidation/methanogenesis, 
and sodium molybdate (Na2MoO4, 25 mM) as an inhibitor of sulfate reduction (S3).  
Sediment slurries were periodically sampled through the butyl rubber stopper with a 
sterile 3 cc disposable syringe and fixed with formaldehyde and/or analyzed for sulfide 
concentration (see below). PC-14 sediment slurries were sampled initially (T=0) and then 
after one, three, and six months and PC-11 sediment slurries were sampled initially and at 
four months. Long incubation times were required in order to allow at least one doubling 
time, which has been estimated to range between 3-6 months for ANME-2/DSS consortia 
(S4-7).  
 
Sulfide Production. Incubations were sampled initially, and then after one and either six 
(PC-14) or four (PC-11) months to measure dissolved sulfide via the Cline Assay (S8). 
Briefly, FeCl3 (in 6N HCl) and N,N-dimethyl-p-phenylenediamine dihydrochloride (in 
6N HCl) were added to incubation subsamples 20-200 µl removed via syringe. The 
product of the reaction, methylene blue, was measured spectrophotometrically at 670 nm 
and calibrated to sulfide concentration with a sodium sulfide standard.  
 
Fluorescence In Situ Hybridization (FISH). Sediment slurry was removed via syringe and 
immediately fixed in PBS buffered 2% formaldehyde for 1 hour at room temperature, 
washed with 1X phosphate buffered saline (PBS) twice, and stored at -20ºC in 50:50 
PBS:ethanol. Microbial aggregates were concentrated using a Percoll (Sigma) gradient 
and adhered to a 1” diameter round microprobe slide (Lakeside city, IL) as described in 
(S9). Fluorescence in situ hybridization was carried out as described previously (S9) 
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using both group-specific (EelMS932 and DSS658) and Domain-level probes (Arch915 
and EUB338) (S10, 11). The location of positively hybridized cell targets were mapped 
on the 1” glass rounds using both epifluorescence and transmitted light microscopy as 
described in (S6), using a DeltaVision RT (Applied Precision, Inc., WA). Images were 
collected through the z-plane and deconvolved and processed using softWoRx® Suite 
software (Applied Precision, Inc.).  
 
Secondary Ion Mass Spectrometry (SIMS). Prior to SIMS analysis, mapped rounds were 
sputter coated with gold (30 nm) and analyzed either with a CAMECA 1270 IMS 
(CAMECA, Gennevilliers Cedex, France), housed at the University of California Los 
Angeles, or a CAMECA NanoSIMS 50L, housed in the Division of Geological and 
Planetary Sciences at the California Institute of Technology. With both instruments, 
samples were pre-sputtered using the primary ion beam for 3-15 minutes to locally 
remove the gold coat.   
 On the CAMECA 1270 IMS, a primary Cs+ beam (~0.5 to ~2.5 nA) with a 
diameter of ~10 µm was used to generate negative secondary ions from a 
phylogenetically identified microbial aggregate. Mono-collection mode was used as 
previously described (S6), with an on-axis electron multiplier detector cycling through 
the following masses: 12C2-, 13C12C-, 12C14N-, 12C15N-. The 12CN- mass was collected to 
measure the 15N/14N of the sample (S12-14). Analyses of each target lasted approximately 
1 hour, with the end of the analyses determined by a drop in C and N ion counts, 
indicating the near complete sputtering of the target.  
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Measurements were collected in both Image and Isotope mode on the CAMECA 
NanoSIMS 50L, with a resolving power of ~5,000. Four secondary ions were 
simultaneously collected: 12C-, 13C-, 12C14N-, and 12C15N-. In Image mode, an  ~2.5 pA 
primary Cs+ beam with a nominal spot size of ~100-200 nm was used. The beam rastered 
over square regions of sides 5 to 20 µm, depending on the size of the target, at 256 x 256 
pixel resolution.  A complete square raster or “frame,” representing a layer of the target, 
was completed every 10 to 20 minutes, with several to 150 frames collected per target. 
Complete analysis of large targets (aggregates of diameter >15 µm) lasted up to 48 hours, 
but analysis of smaller targets (aggregates with diameter ~5 µm) were completed in 
approximately 12 hours. Measurements in Isotope mode were collected with an ~30-40 
pA primary Cs+ beam, over square regions of the same size but typically with a reduced 
resolution of 128 x128 pixels, a per frame acquisition time of 30 seconds, and a total 
acquisition time of one to three hours. Although not yielding an image, Isotope mode 
measurements allowed more rapid screening of samples. Both Image and Isotope modes 
were used to measure E. coli cell standards as described in (S6).  
NanoSIMS images were processed with L’image (developed by L. Nittler, 
Carnegie Institution of Washington, Washington D.C.). Each series of frames was 
corrected for drift and detector dead time. When analyzing trends in the series of frames 
with depth, every 3-5 frames were binned into a single image (Fig. 2 and 3). Discrete 
regions of Interest (ROI’s), approximately 1 µm in diameter, were hand-drawn on the ion 
images guided by the corresponding 3D FISH data and isotope ratios were subsequently 
calculated for the particular regions.  
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nifH Phylogeny. DNA was extracted from PC-14 sediment incubated with 15N2 and CH4 
after 6 months using a modified protocol of the Ultraclean soil DNA Isolation Kit 
(MoBio Laboratories, CA) according to (S15). The nifH gene was amplified using nifH 
specific PCR primers designed by (S16)in a PCR reaction with PuReTaq Ready-To-Go 
PCR beads (GE Healthcare) with the following conditions: 2 min 94ºC, and 35 cycles of 
30 s 94ºC, 30 s 55ºC, 30 s 72ºC with a final extension of 72ºC for 10 min. Amplicons 
from PCR reactions using diluted (1:10) and undiluted DNA template were pooled (n=2) 
and cloned using the TOPO4 cloning kit (Invitrogen, CA). Plasmids were extracted with 
the Qiaprep Spin Miniprep Kit (Qiagen). Seventy-one clones were sequenced with a CEQ 
8800 Genetic Analysis System (Beckman Coulter, CA). Sequences were globally aligned 
with Geneious Pro 4.6.2 using the ClustalW algorithm. Neighbor-joining trees were 
constructed using the Geneious Pro 4.6.2 Tree-Builder (Jukes-Cantor distance model and 
100 bootstrap replicates). nifH sequences have been deposited in GenBank with accession 
numbers GQ452697 to GQ452775.  
 
Nif Operon Structure and nifD Phylogeny. DNA was extracted from a PC-14 sediment 
incubation with N2 and CH4 using a Ultraclean Soil DNA Isolation Kit (Mobio 
Laboratories, CA). Primers targeting nifH to nifK (nifHfw:GGHAARGGHGGHATHG 
GNAARTC, nifK1rv: RCAKCCYTGKGANCCGTG; Miyazaki, J.; NCBI GenBank 
entry AB362197) were used in a touchdown PCR of the following program: 94ºC 2 min, 
2 x (94ºC 1 min, 70ºC 1 min, 72ºC 3 min), 2 x (94ºC 1 min, 69ºC 1 min, 72ºC 3 min), 2 
x (94ºC 1 min, 68ºC 1 min, 72ºC 3 min), 2 x (94ºC 1 min, 67ºC 1 min, 72ºC 3 min), 2 x 
(94ºC 1 min, 66ºC 1 min, 72ºC 3 min), 2 x (94ºC 1 min, 64ºC 1 min, 72ºC 3 min), 2 x 
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(94ºC 1 min, 62ºC 1 min, 72ºC 3 min),  30 x (94ºC 1 min, 61ºC 1 min, 72ºC 3 min) with 
PuReTaq Ready-To-Go PCR beads (GE Healthcare).  The 3KB amplicon was excised 
from an agarose gel, purified using an Ultrafree-DA filter (Millipore) and ligated with a 
TOPO4 vector cloning kit (Invitrogen). Four complete sequences representing unique 
clones in the library were obtained (Laragen, Inc., CA). Primer walking was necessary to 
sequence the whole fragment, typically using 2 internal primer sets for each sequence. 
The nifD portion of the sequence was identified and sequences were globally aligned 
with Geneious Pro 4.6.2 using the ClustalW algorithm. Neighbor-joining trees for the 
nifD subunits were constructed using the Geneious Pro 4.6.2 Tree-Builder (Jukes-Cantor 
distance model and 100 bootstrap replicates). A tree with the same topology was obtained 
using Bayesian analysis (Mr. Bayes) (not shown). Sequences were deposited in GenBank 
with accession numbers GQ477542 to GQ477545.  
 
Aggregate abundance. Aliquots of fixed sediment (see above) from the N2 and NH4 
incubations were diluted with PBS and filtered onto 0.2 um Isopore GTBP Membrane 
Filters (Millipore). Filters were treated with 4',6-diamidino-2-phenylindole (DAPI) at 
least 30 minutes before examination. Both single cells and cell aggregates 
morphologically resembling ANME-2/DSS aggregates were counted using UV 
epifluorescence.  For each time point in the dinitrogen and ammonium incubations, 3-4 
replicate filters were analyzed, with 40 frames counted per filter (representing 
approximately 400-900 cells per filter).  
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Ammonia measurements. Pore water was collected from ERB sediments using a pore 
water squeezer as previously described (S1).  Pore water aliquots for ammonia analysis 
were filtered (0.2 µm) and measured using the colorimetric phenol hypochlorite method 
(S17) in the laboratory of Dr. S. Joye, University of Georgia. 
 
 
Acetylene incubations with 15N2 
Sediment from PC-14 was also used to measure nitrogen fixation via the Acetylene 
Reduction Assay (S18, 19). Sediment was mixed 1:1 with artificial seawater in an 
anaerobic chamber, as described above, and 7 ml of the slurry was aliquoted into 20 ml 
serum bottles sealed with a butyl rubber stopper (n=15). Headspace in the treatment 
bottles contained methane (2 atm) and 0 to 10% acetylene (lowest % acetylene added was 
0.2%). Bottles were incubated at 10ºC and measured weekly for one month. Ethylene and 
acetylene were analyzed by gas chromatography (GC) on a polystyrene-divinylbenzene 
based column (HP PLOT-Q 30m x 0.320mm ID x 20 micron) with flame ionization 
detection (FID).  A Hewlett-Packard 5890 Series II GC with a split-splitless injector (2 
mm ID liner) was operated in the split mode.  The split flow was 20 mL/min.  Ultra-high 
purity helium was used for carrier gas, and the column was operated at a constant flow 
rate of 2.2 mL/min (37 cm/sec average linear velocity). The headspace of each was 
sampled (50 µl) with a gastight syringe and injected manually.  Oven temperature was 
isothermal at 50 ºC. The injector was maintained at 125 ºC and the detector at 250 ºC.  
Methane, ethylene, and acetylene were baseline resolved under these conditions. Positive 
controls using a diazotrophic culture of Azotobacter vinelandii demonstrated active 
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conversion of acetylene to ethylene by this method. Sulfide concentrations in the 
acetylene incubation experiments were measured using the Cline Assay (see above) at the 
3.5, 8, and 10-week time points.  
 
Supplementary Results and Discussion 
Nitrogen assimilation from cyanide (CN-) 
ANME-2/DSS consortia in sediment incubations containing 1 mM 15N-cyanide 
(Na13C15N) incorporated the 15N at comparable levels to those observed in the 15N-
dinitrogen incubation (Fig. 2). Cyanide is structurally similar to dinitrogen and reduction 
of this triple bonded compound has been shown to be catalyzed by purified nitrogenases 
in vitro .  In only a handful of studies, however, has cyanide been demonstrated as a 
nitrogen source for diazotrophic microorganisms using nitrogenase (e.g. S20, 21).  
Nitrogenase is believed to have evolved early, prior to the divergence of Bacteria and 
Archaea, and the projected levels of cyanide and reduced nitrogen on Earth during that 
time has led to speculation that the function of ‘primitive’ nitrogenases was primarily to 
detoxify cyanide, rather than catalyzing dinitrogen fixation (S22-26).  While 
methanogens have demonstrated sensitivity to cyanide via inhibition of carbon monoxide 
dehydrogenase (CODH) (S27, 28), the methanotrophic ANME-2/DSS consortia appeared 
to be unaffected by this toxic compound, exhibiting active 15N assimilation and 
equivalent rates of sulfate reduction (Fig. 2).  The ANME nitrogenase may be directly 
mediating this detoxification. Alternatively, more variability of 15N incorporation in the 
cyanide incubations, including 15N hotspots within both the archaea and bacterial AOM 
partners, underscores the possibility of alternative mechanisms for cyanide catabolism/ 
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detoxification either through a different nitrogenase, or through another enzymatic 
pathway entirely (Fig.1C). Regardless of the mechanism, this result demonstrates the 
tolerance of the ANME-2/DSS consortia to this common toxin, and could imply that this 
methane-fueled symbiosis was well suited to survive during an early, cyanide-rich 
atmosphere (S26).  
 
Inhibition by acetylene  
Although the ANME-2/DSS consortia were able to respire and grow in the presence of up 
to 1 mM cyanide, they were inhibited by acetylene. Acetylene is similar to cyanide and 
dinitrogen in its structure, and its reduction to ethylene is commonly used as an indirect 
measure of nitrogenase activity in both cell extracts and intact cells (S18). However, in 
bulk sediment incubations amended with methane (overpressurized to 2 atm) and 
acetylene (0.2 to 7.9%), neither nitrogen fixation (measured by production of ethylene) 
nor AOM activity (measured via sulfide production) was observed (n=12; Table S4).  The 
lack of AOM activity with acetylene concentrations as low as 0.2%, compared to the 
active sulfide production (4-fold increase during the incubation period) measured in 
replicate bottles lacking acetylene, suggests that one or both members of the ANME-
2/DSS consortia were inhibited by this compound.  Methanogenic archaea are often 
inhibited by acetylene (S29, 30), and considering the great similarity between their 
metabolic machinery (S31) suggests that the ANME-2 archaea in particular may have 
been adversely affected.  
 
Lack of inhibition by 2-bromoethanesulfonic acid (BES) 
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BES did not inhibit methane oxidation at either 5 mM (PC 11 and PC 14 sediment) or 20 
mM (PC 11; PC 14 not tested). BES is a structural analogue of coenzyme M and an 
inhibitor of the traditional methanogenic pathway (S3). The anaerobic oxidation of 
methane is hypothesized to occur in the ANME cells via “reverse methanogenesis,” 
(S31), suggesting that inhibitors of methanogenesis should inhibit anaerobic 
methanotrophy as well. Indeed, several studies have documented the complete or partial 
(>50%) inhibition of AOM by BES in marine sediments, using a range of concentrations 
(e.g. 1 mM (S32), 60 mM (S33)). However, there is a growing body of evidence that BES 
does not always inhibit AOM (no inhibition at 5 mM (S34)or 20 mM (S35)), in addition 
to the results in the present study. It is possible that 20 mM is insufficient to inhibit 
AOM, and in fact, the authors of (S33) emphasize the need to add excess BES in 
sediment slurry incubations in order or overcome sorption and sequestering of BES. 
However, the unpredictable response to BES at a range of concentrations (i.e. complete 
inhibition of AOM at 1mM and no effect at 5 mM and 20 mM) suggests that other factors 
besides adsorption may influence sensitivity of AOM consortia to this inhibitor in 
different environments.  
 
Variation in 15N incorporation within the ANME-2 and DSS 
The nanoSIMS images of individual aggregates revealed large heterogeneity in labeled 
nitrogen assimilation between individuals within each population (ANME-2 and DSS) for 
each nitrogen source studied (Fig. 1, Fig. 3). For instance, in the representative consortia 
in Fig. 3, 15N enrichment within the interior (ANME-2) ranged from 2.2 to 10.4 atom %. 
This likely reflects cell specific variation in growth, and is consistent with previous 
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SIMS-based reports of single species isotopic heterogeneity in isotope-labeling 
experiments (S36, 37). Despite the predicted energetic benefit from close spatial 
proximity between the syntrophic partners, there was not a visually apparent trend in the 
ANME 15N2 incorporation related to distance between the ANME and DSS cells within 
the aggregate. 
 
Aggregate replication and division 
The 15N experiments also yielded insight into syntrophic aggregate replication and 
division. How the dual species ANME-2/DSS consortia form associations and replicate 
within the methane seep environment is unknown, although it has been proposed, based 
on visual observations from fluorescence in situ hybridization experiments, that 
aggregates replicate by budding (S38). Our FISH-nanoSIMS results provided evidence in 
support of this hypothesis. We repeatedly observed well-structured ANME-2/DSS 
aggregates attached to other aggregates in this study, with high levels of 15N 
incorporation at the bridge point between the aggregates and within the presumably 
newly formed aggregate ‘bud’ (e.g. Fig. 1B, 1D and 1E). This implies that ANME-2/DSS 
aggregates maintain close spatial contact between syntrophic partners and may coordinate 
division from intact consortia, rather than by requiring the establishment of new 
associations from single cells.  
 
Nitrogenase phylogeny and operon structure  
Recovered nifD sequences from the 15N2 incubation experiments were distinct from well-
characterized Mo-Fe nitrogenases (Fig. 4), but contained key histidine and cysteine 
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residues, Hisα-442 and Cysα-75, involved in metal cofactor binding in Azotobacter 
vinelandii (S39). Major differences occurred in the flanking regions of these residues, 
indicating possible differences in the metal composition of the cofactor used (Fig. S3). 
The Hisα-442 region in particular has characteristics of both typical Mo-Fe cofactor 
binding sites and alternative V-Fe binding sites, as well as binding sites found in 
members of the Methanococcus. It has been speculated that these differences in the 
primary structure of the metal cofactor binding site are important adaptations to an 
anaerobic lifestyle, as most of the organisms with the canonical A. vinelandii-like Mo-Fe 
nitrogenase are not strict anaerobes (S40). The metal binding site of the putative ANME 
nifD sequences are consistent with anaerobic diazotrophs and appear to be suggestive of a 
possible combination of bacterial Mo-Fe nitrogenases and methanogenic V-Fe 
nitrogenase. 
 The nifH sequences obtained in this study were diverse and suggest that a range of 
microorganisms in Eel River Basin sediments may possess nitrogenase. Representative 
sequences were identified from several of the major nitrogenase gene clusters (II-IV; Fig. 
S2, Table S3). Cluster II is typically represented by methanogens and bacterial anfH 
nitrogenases, Cluster III contains a variety of anaerobic bacteria, including sulfate-
reducers and methanogens, and Cluster IV includes divergent nifH-like genes from 
archaea (S41). The largest number of recovered nifH sequences clustered with sequences 
that appear to be unique to methane seep habitats (recovered from multiple sites in the 
Eel River Basin as well as from the Nankai Trough and hydrate-bearing sediments from 
the Sea of Okhotsk), but for which no taxonomic information can be obtained due to the 
lack of cultured representatives from these environments and the divergence from 
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sequences of known phylogeny. The involvement of other microorganisms in nitrogen 
fixation within the methane seep environment and factors influencing the environmental 
regulation of this process will require further study. 
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Figure S1. Relationship between 15N incorporation from 15N2 and 13C in single ANME-
2/DSS consortia measured by FISH-SIMS using a CAMECA 1270 IMS instrument. Each 
data point represents the average 15N atom % and 13C of a single cycle during the 
analysis of the cell target. All data points collected from a particular aggregate are 
represented by the same symbol, and represent depth related trends in 13C and 15N 
associated with a single aggregate. Consortia with a distinct shell morphology are 
represented by filled black data points (n=2), shelled aggregates associated with sediment 
particles are distinguished by open or filled linear symbols (n=3), and a single mixed 
aggregate is represented by gray triangles (n=1).  It is expected that the sediment-
associated ANME-2/DSS aggregates would show a smaller range of variation in 13C due 
to the simultaneous collection of sediment-derived carbon with roughly natural 
abundance 13C.  
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Figure S2. Unrooted neighbor-joining tree of translated nifH sequences constructed using 
the Geneious Pro 4.6.2 Tree-Builder (Jukes-Cantor distance model and 100 bootstrap 
replicates) following global alignment with Geneious Pro 4.6.2 using the ClustalW 
algorithm. Bootstrap values >50% are indicated. The scale bar represents changes per 
amino acid position. The sequences obtained in this study are shown in red. Roman 
numerals refer to previously described nifH clusters (S41). Additional environmental 
sequences, including others from the Eel River Basin methane seeps are from (S16, 42).  
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Figure S3. Panel A: Comparison of partial nitrogenase operon structure for putative 
ANME-2-affiliated nitrogenase and other taxa harboring the gene order nifH, nifI1, nifI2, 
nifD and nifK). Numbers indicate base pairs between coding regions. Breaks in nifK 
indicate end of partial sequences. Panel B: Amino acid sequences flanking the conserved 
Hisα-442 residue of the nifD, nitrogenase α subunit. Key residues at this known metal 
cofactor binding site in Azotobacter vinelandii (S39) indicate possible differences in the 
metal composition of the cofactor used. Typical conserved flanking regions of the Hisα-
442 of the α subunit of Mo-Fe, V-Fe, and Fe-Fe nitrogenase proteins are shown. It has 
been speculated that these differences in the primary structure of the metal cofactor 
binding site are important adaptations to an anaerobic lifestyle, as most of the organisms 
with the canonical A. vinelandii-like Mo-Fe nitrogenase are not strict anaerobes (S40). 
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Table S1. Incubation conditions.  
       
Push 
Core* Status Medium† 
Vol‡ 
(ml) 
15N2 § 
(%) 
   N2 § 
(%) 
CH4 § 
(%) Amendment 
H2S 
production¶ 
14 Live A 35 5.2 0 94.8 -- + 
14 Live A 35 5.2 0 94.8 15NH3 (2 mM) + 
14 Live A 35 5.2 0 94.8 BES|| (5 mM) + 
14 Live A 35 5.2 0 94.8 Na2MoO4 (25 mM) - 
14 Live A 35 5.2 95.5 -- -- - 
14 Killed A 35 5.2 0 94.8 -- - 
11 Live FSW 15 -- -- 100 Na15NO3 (2mM) + 
11 Live FSW 15 -- -- 100 K13C15N (1mM) + 
11 Live FSW 15 -- -- 100 BES (5 mM) + 
11 Live FSW 15 -- -- 100 BES (20 mM) + 
11 Live FSW 15 -- -- 100 -- + 
11 Live FSW 15 -- 100 -- -- - 
11 Killed FSW 15 -- -- 100 -- - 
 
*PC 14 assays were performed in triplicate in 140 ml serum bottles. PC 11 assays were performed in duplicate in 
60 ml bottles.       
†A = Artificial seawater, as described in text. FSW = Eel River Basin 0.2 µm filtered seawater collected near 
methane seep (500 m).       
‡Volume of sediment slurry. 
§The headspace in all treatments was at an overpressure of 2 atm.   
||2-bromoethanesulfonic acid.        
¶ "+" indicates 25-40 mM (note artificial seawater contained 40 mM sulfate), "-" indicates H2S levels ≤ killed 
control" 
Table S2. NifD sequences used in phylogenetic analysis. “Bp” indicates length of 
sequence in base pairs. “Ref #” indicates the number the sequence is represented by in 
Figure 4.  
 
Name Accession Number Description    Bp Ref # 
Methanothermobacter 
thermautotrophicus str. 
Delta H 
NP_276676.1| nitrogenase NifD subunit [Methanothermobacter 
thermautotrophicus str. Delta H] 
469 1 
Methanosarcina barkeri sp|P55170|NIFD_
METBA  
 Methanosarcina barkeri nitrogenase 
molybdenum-iron protein alpha chain 
532 2 
delta proteobacterium 
MLMS-1 
ZP_01287659.1|  MldDRAFT_1221 Nitrogenase molybdenum-iron 
protein alpha chain:Nitrogenase component I, 
alpha chain [delta proteobacterium MLMS-1, 
unfinished sequence: NZ_AAQF01000015] 
539 3 
Desulfatibacillum 
alkenivorans AK-01 
YP_002430685.1|  DalkDRAFT_0718 nitrogenase molybdenum-
iron protein alpha chain [Desulfatibacillum 
alkenivorans AK-01, unfinished sequence: 
NZ_ABII01000029] 
554 4 
Pelodictyon luteolum 
DSM 273 
YP_375431.1|  Plut_1531 Nitrogenase molybdenum-iron 
protein alpha chain [Pelodictyon luteolum DSM 
273: NC_007512] 
539 5 
Chlorobium tepidum TLS NP_662420.1|  nifD nitrogenase molybdenum-iron protein, 
alpha subunit [Chlorobium tepidum TLS: 
NC_002932] 
536 6 
Dethiobacter alkaliphilus 
AHT 1 
ZP_03735355.1|  nitrogenase molybdenum-iron protein alpha 
chain [Dethiobacter alkaliphilus AHT 1] 
538 7 
Clostridium 
acetobutylicum ATCC 
824 
NP_346897.1|  nifD Nitrogenase molybdenum-iron protein, 
alpha chain (nitrogenase component I) gene 
nifD [Clostridium acetobutylicum ATCC 824: 
NC_003030] 
522 8 
Clostridium butyricum 
5521 
ZP_02948849.1|  nifD nitrogenase molybdenum-iron protein alpha 
chain [Clostridium butyricum 5521, unfinished 
sequence: NZ_ABDT01000049] 
521 9 
Roseiflexus sp. RS-1 YP_001275556.1|  nitrogenase component I, alpha chain 
[Roseiflexus sp. RS-1] 
466 10 
Moorella thermoacetica 
ATCC 39073 
YP_429424.1|   nitrogenase component I, alpha chain [Moorella 
thermoacetica ATCC 39073] 
gi|83589415|ref|YP_429424.1| 
486 11 
Methanococcus 
maripaludis strain S2 
NP_987976.1|  nifD Oxidoreductase, nitrogenase component 1 
[Methanococcus maripaludis strain S2: 
BX950229] 
484 12 
Methanococcus vannielii 
SB 
YP_001322588.1|  Mevan_0062 nitrogenase alpha chain 
[Methanococcus vannielii SB: NC_009634] 
475 13 
Chloroherpeton 
thalassium ATCC 35110 
YP_001996735.1| Ctha_1831 nitrogenase alpha chain 
[Chloroherpeton thalassium ATCC 35110: 
NC_011026] 
467 14 
Rhodopseudomonas 
palustris CGA009  
NP_946728.1|  nitrogenase vanadium-iron protein alpha chain 
gi|39934452|ref|NP_946728.1| 
472 15 
Rhodobacter capsulatus  emb|CAA49625.1| alternative nitrogenase [Rhodobacter 
capsulatus] 
526 16 
Rhodospirillum rubrum 
ATCC 11170 
YP_426099.1| Rru_A1011 Nitrogenase molybdenum-iron 
protein alpha chain [Rhodospirillum rubrum 
ATCC 11170: NC_007643] 
484 17 
 
Methylacidiphilum 
infernorum V4 
YP_001940526.1| nifD Nitrogenase molybdenum-cofactor protein, 
alpha chain [Methylacidiphilum infernorum V4: 
NC_010794] 
489 18 
Magnetococcus sp. MC-1 YP_865118.1| Mmc1_1201 nitrogenase molybdenum-iron 
protein alpha chain [Magnetococcus sp. MC-1: 
NC_008576] 
479 19 
Erwinia carotovora subsp. 
atroseptica 
YP_051046.1|  nifD nitrogenase molybdenum-iron protein alpha 
chain [Erwinia carotovora subsp. atroseptica 
SCRI1043: NC_004547] 
482 20 
Frankia sp. CcI3 YP_483562.1|  Francci3_4487 nitrogenase molybdenum-iron 
protein alpha chain [Frankia sp. CcI3: 
NC_007777] 
486 21 
Heliobacterium 
modesticaldum Ice1 
YP_001679707.1|  nifD dinitrogenase molybdenum-iron protein 
alpha subunit nifd [Heliobacterium 
modesticaldum Ice1: NC_010337] 
485 22 
Pelobacter carbinolicus 
DSM 2380 
YP_357509.1|  Pcar_2099 nitrogenase molybdenum-iron 
protein, alpha chain [Pelobacter carbinolicus 
DSM 2380: NC_007498] 
486 23 
Acidithiobacillus 
ferrooxidans 
YP_002219684.1| Lferr_1239 nitrogenase molybdenum-iron 
protein alpha chain [Acidithiobacillus 
ferrooxidans ATCC 53993: NC_011206] 
491  
Anabaena variabilis 
ATCC 29413 
YP_324526.1|   nitrogenase vanadium-iron protein, alpha chain 
gi|75910230|ref|YP_324526.1| 
587  
Azoarcus sp. BH72 YP_932043.1|  nifD nitrogenase molybdenum-iron protein alpha 
chain [Azoarcus sp. BH72: NC_008702] 
486  
Azorhizobium 
caulinodans ORS 571 
YP_001523956.1| nifD nitrogenase molybdenum-iron protein alpha 
chain [Azorhizobium caulinodans ORS 571: 
NC_009937] 
490  
Azotobacter 
chroococcum (strain mcd 
1) 
sp|P15332|VNFD_
AZOCH  
 RecName: Full=Nitrogenase vanadium-iron 
protein alpha chain  
gi|138885|sp|P15332.2|VNFD_AZOCH 
473  
Azotobacter vinelandii  prf||1111233B  Azotobacter vinelandii nitrogenase MoFe 
protein alpha gi|224698|prf||1111233B 
492  
Azotobacter vinelandii DJ  YP_002797497.1|  vanadium nitrogenase, alpha subunit, vnfD 
gi|226942424|ref|YP_002797497.1| 
474  
Bradyrhizobium 
japonicum USDA 110 
NP_768383.1| nifD nitrogenase molybdenum-iron protein alpha 
chain [Bradyrhizobium japonicum USDA 110: 
NC_004463] 
490  
Bradyrhizobium sp. 
ORS278 
YP_001207333.1| nifD nitrogenase molybdenum-iron protein alpha 
chain, nifD [Bradyrhizobium sp. ORS278: 
NC_009445] 
490  
Burkholderia xenovorans YP_553848.1|  nifD Nitrogenase, molybdenum-iron protein 
alpha chain(NifD) [Burkholderia xenovorans 
LB400 chromosome 2: NC_007952] 
485  
Caldicellulosiruptor 
saccharolyticus DSM 
8903 
YP_001181231.1| nitrogenase component I, alpha chain 
[Caldicellulosiruptor saccharolyticus DSM 8903] 
461  
Candidatus Desulforudis 
audaxviator_2 
YP_001716346.1| Daud_0146 nitrogenase component I, alpha 
chain [Candidatus Desulforudis audaxviator 
MP104C: NC_010424] 
481  
Chlorobium 
chlorochromatii CaD3 
YP_379551.1| Cag_1247 Nitrogenase molybdenum-iron 
protein alpha chain [Chlorobium chlorochromatii 
CaD3: NC_007514] 
537  
 
Chlorobium ferrooxidans 
DSM 13031 
ZP_01385046.1|  CferDRAFT_1910 nitrogenase molybdenum-
iron protein alpha chain:Nitrogenase component 
I, alpha chain [Chlorobium ferrooxidans DSM 
13031, unfinished sequence: 
NZ_AASE01000001] 
537  
Chlorobium 
phaeobacteroides BS1 
YP_001960153.1| Cphamn1_1754 nitrogenase molybdenum-iron 
protein alpha chain [Chlorobium 
phaeobacteroides BS1: NC_010831] 
533  
Clostridium beijerinckii 
NCIMB 8052 
YP_001309128.1|  Cbei_2002 nitrogenase molybdenum-iron 
protein alpha chain [Clostridium beijerinckii 
NCIMB 8052: NC_009617] 
520  
Clostridium kluyveri DSM 
555  
YP_001395137.1|  VnfD gi|153954372|ref|YP_001395137.1| 462  
Clostridium kluyveri DSM 
556 
YP_001393772 AnfD [Clostridium kluyveri DSM 555] 516  
Clostridium pasteurianum sp|P00467|NIFD_
CLOPA 
 nitrogenase molybdenum-iron protein alpha-
subunit [Clostridium pasteurianum] 
gi|47827220|gb|AAA83531.2| 
534  
Crocosphaera watsonii 
WH 8501 
ZP_00516387.1| CwatDRAFT_3819 Nitrogenase molybdenum-
iron protein alpha chain:Nitrogenase component 
I, alpha chain [Crocosphaera watsonii WH 8501, 
unfinished sequence: NZ_AADV02000024] 
478  
Cupriavidus taiwanensis YP_001796235.1| nifD NifD nitrogenase molybdenum-iron protein 
alpha chain (Nitrogenase component I) 
(Dinitrogenase) [Cupriavidus taiwanensis 
plasmid pRALTA: NC_010529] 
488  
Cyanothece sp. ATCC 
51142 
YP_001801977.1|  nifD nitrogenase molybdenum-iron protein alpha 
chain [Cyanothece sp. ATCC 51142 
chromosome circular: NC_010546] 
480  
Cyanothece sp. ATCC 
51142 2 
ZP_01727766.1| CY0110_22417 Nitrogenase molybdenum-iron 
protein alpha chain [Cyanothece sp. CCY0110, 
unfinished sequence: NZ_AAXW01000004] 
480  
Dechloromonas 
aromatica 
YP_284633.1| Daro_1414 Nitrogenase molybdenum-iron 
protein alpha chain:Nitrogenase component I, 
alpha chain [Dechloromonas aromatica RCB: 
NC_007298] 
489  
Dehalococcoides 
ethenogenes 
YP_181869.1| nifD nitrogenase molybdenum-iron protein alpha 
chain [Dehalococcoides ethenogenes 195: 
NC_002936] 
533  
Desulfitobacterium 
hafniense DCB-2 1 
YP_520503.1| Dhaf_0410 nitrogenase molybdenum-iron 
protein alpha chain [Desulfitobacterium 
hafniense DCB-2, unfinished sequence: 
NZ_AAAW04000004] 
477  
Desulfitobacterium 
hafniense DCB-2 2 
YP_520503.1|  Dhaf_0410 nitrogenase molybdenum-iron 
protein alpha chain [Desulfitobacterium 
hafniense DCB-2, unfinished sequence: 
NZ_AAAW04000004] 
477  
Desulfitobacterium 
hafniense Y51 
YP_520503.1|   DSY4270 nitrogenase iron-molybdenum protein 
alpha chain [Desulfitobacterium hafniense Y51: 
NC_007907] 
493  
Desulfobacterium 
autotrophicum HRM2 
YP_002602246.1|  NifD2 [Desulfobacterium autotrophicum HRM2] 554  
Desulfotomaculum 
reducens MI-1 1 
YP_001114147.1| Dred_2818 nitrogenase molybdenum-iron 
protein alpha chain [Desulfotomaculum 
reducens MI-1: NC_009253] 
539  
Desulfovibrio vulgaris 
subsp. 
YP_009052.1|  nifD nitrogenase molybdenum-iron protein alpha 
chain [Desulfovibrio vulgaris subsp. vulgaris str. 
Hildenborough megaplasmid: NC_005863] 
536  
Desulfovibrio vulgaris 
subsp. vulgaris 
YP_961292.1| Dvul_3093 nitrogenase molybdenum-iron 
protein alpha chain [Desulfovibrio vulgaris 
subsp. vulgaris DP4 plasmid pDVUL01: 
NC_008741] 
542  
Desulfuromonas 
acetoxidans DSM 684 
ZP_01312342.1|   Dace_2254 nitrogenase molybdenum-iron 
protein alpha chain [Desulfuromonas 
acetoxidans DSM 684, unfinished sequence: 
NZ_AAEW02000007] 
480  
ERB_nifHK_D11 this study  456  
ERB_nifHK_D4 this study  459  
ERB_nifHK_Q3 this study  456  
ERB_nifHK_Q6 this study  455  
Frankia alni ACN14a YP_716938.1|  nifD Nitrogenase molybdenum-iron protein 
alpha chain (Nitrogenase component I) 
(Dinitrogenase) [Frankia alni ACN14a: 
NC_008278] 
486  
Geobacter sulfurreducens 
PCA 
NP_953864.1| nifD nitrogenase molybdenum-iron protein, 
alpha chain [Geobacter sulfurreducens PCA: 
NC_002939] 
479  
Gluconacetobacter 
diazotrophicus 
YP_001600721.1|  nifD FeMo protein of nitrogenase alpha subunit 497  
Gluconacetobacter 
diazotrophicus PAl 5 
YP_001600721.1| GdiaDRAFT_0505 nitrogenase molybdenum-
iron protein alpha chain [Gluconacetobacter 
diazotrophicus PAl 5, unfinished sequence: 
NZ_ABPH01000001] 
497  
Halorhodospira halophila 
SL1 
YP_001001869.1| Hhal_0273 nitrogenase molybdenum-iron 
protein alpha chain [Halorhodospira halophila 
SL1: NC_008789] 
488  
Herbaspirillum 
seropedicae 
sp|P77874|NIFD_
HERSE  
 nitrogenase Mo-Fe protein alpha chain 
[Herbaspirillum seropedicae] 
484  
K8MV-C2nifHK1_08 dbj|BAF96796.1|  dinitrogenase alpha subunit [K8MV-
C2nifHK1_08] 
456  
K8MV-C2nifHK1_40 dbj|BAF96811.1|  dinitrogenase alpha subunit [K8MV-
C2nifHK1_40] 
456  
Klebsiella pneumoniae emb|CAA68413.1|  nitrogenase alpha-subunit [Klebsiella 
pneumoniae] 
483  
Leptothrix cholodnii SP-6 YP_001790464.1|  Lcho_1431 nitrogenase molybdenum-iron 
protein alpha chain [Leptothrix cholodnii SP-6: 
NC_010524] 
485  
Magnetospirillum 
magnetotacticum MS-1 
ZP_00054386.1|   COG2710: Nitrogenase molybdenum-iron 
protein, alpha and beta chains 
[Magnetospirillum magnetotacticum MS-1] 
485  
Mesorhizobium loti 
MAFF303099 
NP_106490.1| mlr5906 nitrogenase molybdenum-iron protein 
alpha chain, nifD [Mesorhizobium loti 
MAFF303099: NC_002678] 
498  
Methanococcus aeolicus 
Nankai-3 
YP_001325619.1| nitrogenase component I, alpha chain 
[Methanococcus aeolicus Nankai-3] 
474  
Methanococcus 
maripaludis C5 
YP_001097187.1|  MmarC5_0661 nitrogenase alpha chain 
[Methanococcus maripaludis C5: NC_009135] 
476  
Methanococcus 
maripaludis C6 
YP_001549843.1|  MmarC6_1800 nitrogenase alpha chain 
[Methanococcus maripaludis C6: NC_009975] 
477  
Methanococcus 
maripaludis C7_1 
YP_001329322.1|  nitrogenase alpha chain [Methanococcus 
maripaludis C7] 
476  
Methanosarcina 
acetivorans str. C2A 
NP_618769.1|  nifD nitrogenase, subunit alpha 
[Methanosarcina acetivorans str. C2A: 
AE010299] 
527  
Methanosarcina 
acetivorans str. C2A 
NP_616149.1| nitrogenase, subunit D [Methanosarcina 
acetivorans C2A] 
520  
Methanosarcina barkeri  gb|AAF72180.1|A
F254784_1  
 putative vanadium dinitrogenase alpha subunit 
gi|8099626|gb|AAF72180.1|AF254784_1 
465  
Methanosarcina mazei NP_632746.1|   NifD [Methanosarcina mazei] 532  
Methylococcus 
capsulatus str. Bath 
YP_112765.1|  nifD nitrogenase molybdenum-iron protein alpha 
chain [Methylococcus capsulatus str. Bath: 
NC_002977] 
484  
Nodularia spumigena 
CCY9414 
ZP_01628430.1|  N9414_15055 Nitrogenase molybdenum-iron 
protein alpha chain [Nodularia spumigena 
CCY9414, unfinished sequence: 
NZ_AAVW01000003] 
480  
Nostoc sp. PCC 7120 NP_485484.1| nifD nitrogenase molybdenum-iron protein alpha 
chain [Nostoc sp. PCC 7120: NC_003272] 
494  
Opitutaceae bacterium 
TAV2 
ZP_03723746.1|  ObacDRAFT_0896 nitrogenase molybdenum-
iron protein alpha chain [Opitutaceae bacterium 
TAV2, unfinished sequence: 
NZ_ABEA01000244] 
563  
Pseudomonas stutzeri 
A1501 
YP_001171864.1|  nifD MoFe protein, alpha subunit [Pseudomonas 
stutzeri A1501: NC_009434] 
487  
Rhizobium etli CFN 42 NP_659737.1|   nitrogenase, iron-molybdenum alpha chain 
protein [Rhizobium etli CFN 42] 
496  
Rhizobium etli CIAT 652 ZP_03512900.1| nifD3 nitrogenase protein, iron-molybdenum 
alpha chain NifD [Rhizobium etli CIAT 652 
plasmid pB: NC_010996] 
497  
Rhizobium 
leguminosarum bv. viciae 
3841 
YP_770439.1| nifD nitrogenase molybdenum-iron protein alpha 
chain [Rhizobium leguminosarum bv. viciae 
3841 plasmid pRL10: NC_008381] 
492  
Rhodobacter sphaeroides 
2.4.1 
YP_353613.1| nifD Nitrogenase iron-molybdenum protein, 
alpha chain [Rhodobacter sphaeroides 2.4.1 
chromosome 1: NC_007493] 
491  
Rhodopseudomonas 
palustris CGA009 
NP_949953.1|  nifD nitrogenase molybdenum-iron protein alpha 
chain, nifD [Rhodopseudomonas palustris 
CGA009: NC_005296] 
487  
Roseiflexus castenholzii 
DSM 13941 
YP_001434092.1|  nitrogenase component I, alpha chain 
[Roseiflexus castenholzii DSM 13941] 
476  
Sinorhizobium meliloti 
1021 
NP_435696.1| nifD NifD nitrogenase Fe-Mo alpha chain 
[Sinorhizobium meliloti 1021 plasmid pSymA: 
NC_003037] 
493  
Synechococcus sp. JA-3-
3Ab 
YP_475237.1|  nifD nitrogenase molybdenum-iron protein alpha 
chain [Synechococcus sp. JA-3-3Ab: 
NC_007775] 
487  
Uncultured methanogenic 
archaeon RC-I 
YP_686179.1|  nifD nitrogenase molybdenum-iron protein, 
subunit alpha (dinitrogenase) [Uncultured 
methanogenic archaeon RC-I: NC_009464] 
534  
Wolinella succinogenes 
DSM 1740 
NP_907558.1| NIFD NIFD [Wolinella succinogenes DSM 1740: 
NC_005090] 
484  
Xanthobacter 
autotrophicus Py2 
YP_001415005.1|  Xaut_0089 nitrogenase molybdenum-iron 
protein alpha chain [Xanthobacter autotrophicus 
Py2: NC_009720] 
490  
Zymomonas mobilis 
subsp. mobilis ZM4 
YP_163559.1|  nifD nitrogenase FeMo alpha subunit 
[Zymomonas mobilis subsp. mobilis ZM4: 
NC_006526] 
489  
Table S3. NifH sequences used in phylogenetic analysis. “Bp” indicates length of 
sequence in base pairs.  
Name Bp Accession Number nifH Group 
Anabaena variabilis ATCC 29413 Ava_4247: 
NC_007413 
128 gi|75910445|ref|YP_324741.1| cluster I 
Azotobacter vinelandii AvOP, 
NZ_AAAU03000003 
129 _NZ_AAAU03000003 cluster I 
Bradyrhizobium sp. BTAi1: NC_009485 128 gi|148257143|ref|YP_001241728.1| cluster I 
Crocosphaera watsonii WH 8501, unfinished 
sequence: NZ_AADV02000024 
128 _unfinished_sequence:_NZ_AADV02000024 cluster I 
Cyanothece sp. ATCC 51142 chromosome 
circular: NC_010546 
127 gi|172035475|ref|YP_001801976.1| cluster I 
Dechloromonas aromatica RCB: 
NC_007298 
129 gi|71907047|ref|YP_284634.1| cluster I 
Desulfitobacterium hafniense DCB-2 
Dhaf_0411, unfinished sequence: 
NZ_AAAW04000004 
129 _unfinished_sequence:_NZ_AAAW04000004 cluster I 
Desulfuromonas acetoxidans DSM 684, 
unfinished sequence: NZ_AAEW02000007 
129 _unfinished_sequence:_NZ_AAEW02000007 cluster I 
Frankia sp. CcI3: NC_007777 128 gi|86743163|ref|YP_483563.1| cluster I 
Geobacter metallireducens GS-15: 
NC_007517 
129 gi|78221882|ref|YP_383629.1| cluster I 
Heliobacterium modesticaldum Ice1: 
NC_010337 
129 gi|167629207|ref|YP_001679706.1| cluster I 
Lyngbya sp. PCC 8106, unfinished 
sequence: NZ_AAVU01000012 
128 _unfinished_sequence:_NZ_AAVU01000012 cluster I 
Mesorhizobium loti MAFF303099: 
NC_002678 
128 gi|20804123|emb|CAD31326.1| cluster I 
Nostoc punctiforme PCC 73102 
Npun_F5903: NC_010628 1 
128 gi|186685943|ref|YP_001869139.1| cluster I 
Oscillochloris trichoides 128 gi|71905239|gb|AAZ52660.1| cluster I 
Pelobacter carbinolicus DSM 2380: 
NC_007498 
129 gi|77919693|ref|YP_357508.1| cluster I 
Pseudomonas stutzeri A1501: NC_009434 129 gi|146281710|ref|YP_001171863.1| cluster I 
Rhizobium etli CIAT 652 plasmid pB: 
NC_010996 
128 gi|21492662|ref|NP_659736.1| cluster I 
Rhodobacter sphaeroides ATCC 17025: 
NC_009428 
128 gi|146277293|ref|YP_001167452.1| cluster I 
Rhodopseudomonas palustris CGA009 
nifH4: NC_005296 
128 gi|115526522|ref|YP_783433.1| cluster I 
Roseiflexus castenholzii DSM 13941: 
NC_009767 
128 gi|148655353|ref|YP_001275558.1| cluster I 
Roseiflexus sp. RS-1: NC_009523 128 gi|148655353|ref|YP_001275558.1| cluster I 
Sinorhizobium meliloti 1021 plasmid pSymA: 
NC_003037 
128 gi|16262902|ref|NP_435695.1| cluster I 
Synechococcus sp. JA-2-3B'a(2-13): 
NC_007776 
128 gi|86606475|ref|YP_475238.1| cluster I 
Trichodesmium erythraeum IMS101: 
NC_008312 
129 gi|113477556|ref|YP_723617.1| cluster I 
uncultured nitrogen fixing bacterium 128 gi|159145977|gb|ABW90511.1| cluster I 
uncultured prokaryote (Dang, 2009) 129 gi|192764146|gb|ACF05617.1| cluster I 
uncultured prokaryote (Mehta, 2003) 127 gi|21586711|gb|AAM54331.1| cluster I 
uncultured prokaryote (Mehta, 2003) 127 gi|21586731|gb|AAM54341.1| cluster I 
uncultured prokaryote (Mehta, 2003) 126 gi|21586747|gb|AAM54349.1| cluster I 
uncultured prokaryote (Mehta, 2003) 127 gi|21586771|gb|AAM54361.1| cluster I 
1B_nifH_ERB_1_G7 - translation 129 this study cluster II 
1B_nifH_ERB_1_H9 - translation 129 this study cluster II 
1B_nifH_ERB_2_C12 - translation 127 this study cluster II 
1B_nifH_ERB_2_E3 - translation 122 this study cluster II 
1B_nifH_ERB_2_G7 - translation 129 this study cluster II 
1B_nifH_ERB_2_H10 - translation 129 this study cluster II 
1B_nifH_ERB_2_H3 - translation 108 this study cluster II 
Candidatus Desulforudis audaxviator 
MP104C: NC_010424 
129 gi|169830361|ref|YP_001716343.1| cluster II 
Clostridium pasteurianum 129 gi|128214|sp|P09553.1|NIFH3_CLOPA cluster II 
Methanobacterium thermoautotrophicum str. 
Delta H MTH1560: AE000666 
129 gi|20138869|sp|O27602.2|NIFH1_METTH cluster II 
Methanococcus aeolicus Nankai-3 
Maeo_1434: NC_009635 
129 gi|150401856|ref|YP_001325622.1| cluster II 
Methanococcus maripaludis strain S2: 
BX950229 
129 gi|134045698|ref|YP_001097184.1| cluster II 
Methanococcus vannielii SB Mevan_0065: 
NC_009634 
129 gi|150398824|ref|YP_001322591.1| cluster II 
Methanosarcina barkeri 129 gi|1709268|sp|P54799.1|NIFH1_METBA cluster II 
Rhodobacter capsulatus  129 gi|730149|sp|Q07942.1|NIFH2_RHOCA cluster II 
Rhodospirillum rubrum ATCC 11170 
Rru_A1395: NC_007643 
129 gi|83592731|ref|YP_426483.1| cluster II 
1B_nifH_ERB_2_C7 - translation 129 this study cluster II 
1B_nifH_ERB_2_D1 - translation 129 this study cluster II 
1B_nifH_ERB_2_E12 - translation 129 this study cluster II 
1B_nifH_ERB_2_F11 - translation 129 this study cluster II 
1B_nifH_ERB_2_F4 - translation 129 this study cluster II 
1B_nifH_ERB_2_G12 - translation 129 this study cluster II 
1B_nifH_ERB_2_H11 - translation 129 this study cluster II 
Methanosarcina mazei strain Goe1 
MM0719: AE008384 
128 gi|21226821|ref|NP_632743.1| cluster II 
uncultured prokaryote (Dang, 2009) 129 gi|192764232|gb|ACF05660.1| cluster II 
Bead capture (Pernthaler, 2008) 129 gi|188485521|gb|ACD50925.1| cluster II 
hyperthermophilic methanogen FS406-22  129 gi|118197434|gb|ABK78681.1| cluster II 
uncultured prokaryote (Dang, 2009) 129 gi|192764282|gb|ACF05685.1| cluster II 
uncultured prokaryote (Mehta, 2003) 127 gi|21586705|gb|AAM54328.1| cluster II 
uncultured prokaryote (Mehta, 2003) 127 gi|21586707|gb|AAM54329.1| cluster II 
uncultured prokaryote (Mehta, 2003) 127 gi|21586717|gb|AAM54334.1| cluster II 
uncultured prokaryote (Mehta, 2003) 129 gi|21586727|gb|AAM54339.1| cluster II 
uncultured prokaryote (Mehta, 2003) 129 gi|21586769|gb|AAM54360.1| cluster II 
uncultured prokaryote (Mehta, 2003) 127 gi|21586773|gb|AAM54362.1| cluster II 
1B_nifH_ERB_1_H10 - translation 127 this study Cluster III 
1B_nifH_ERB_2_B4 - translation 128 this study Cluster III 
1B_nifH_ERB_2_D9 - translation 129 this study Cluster III 
1B_nifH_ERB_2_E1 - translation 125 this study Cluster III 
1B_nifH_ERB_2_E2 - translation 129 this study Cluster III 
1B_nifH_ERB_2_F3 - translation 129 this study Cluster III 
1B_nifH_ERB_2_G5 - translation 137 this study Cluster III 
1B_nifH_ERB_2_H2 - translation 129 this study Cluster III 
1B_nifH_ERB_2_H9 - translation 129 this study Cluster III 
Chlorobium tepidum TLS: NC_002932 129 gi|21674352|ref|NP_662417.1| Cluster III 
Chloroherpeton thalassium ATCC 35110: 
NC_011026 
129 gi|193214747|ref|YP_001995946.1| Cluster III 
Clostridium beijerinckii 127 gi|150016871|ref|YP_001309125.1| Cluster III 
Clostridium kluyveri DSM 555 nifH1: 
NC_009706 
127 gi|219854280|ref|YP_002471402.1| Cluster III 
delta proteobacterium MLMS-1, unfinished 
sequence: NZ_AAQF01000015 
129 _unfinished_sequence:_NZ_AAQF01000015 Cluster III 
Desulfonema limicola  93 gi|4529862|gb|AAD21800.1| Cluster III 
Desulfotomaculum reducens MI-1: 
NC_009253 
127 gi|134300654|ref|YP_001114150.1| Cluster III 
Desulfovibrio gigas  129 gi|20138934|sp|P71156.1|NIFH_DESGI Cluster III 
Desulfovibrio vulgaris subsp. vulgaris DP4 
plasmid pDVUL01: NC_008741 
130 gi|46562231|ref|YP_009055.1| Cluster III 
Syntrophobacter fumaroxidans MPOB: 
NC_008554 
129 gi|116748461|ref|YP_845148.1| Cluster III 
Bead capture (Pernthaler, 2008) 129 gi|188485509|gb|ACD50919.1| Cluster III 
Bead capture (Pernthaler, 2008) 129 gi|188485511|gb|ACD50920.1| Cluster III 
Bead capture (Pernthaler, 2008) 129 gi|188485513|gb|ACD50921.1| Cluster III 
Bead capture (Pernthaler, 2008) 129 gi|188485515|gb|ACD50922.1| Cluster III 
Bead capture (Pernthaler, 2008) 129 gi|188485519|gb|ACD50924.1| Cluster III 
Bead capture (Pernthaler, 2008) 129 gi|188485523|gb|ACD50926.1| Cluster III 
Bead capture (Pernthaler, 2008) 129 gi|188485525|gb|ACD50927.1| Cluster III 
uncultured prokaryote (Dang, 2009) 128 gi|192764148|gb|ACF05618.1| Cluster III 
uncultured prokaryote (Dang, 2009) 129 gi|192764234|gb|ACF05661.1| Cluster III 
uncultured prokaryote (Dang, 2009) 129 gi|192764238|gb|ACF05663.1| Cluster III 
uncultured prokaryote (Dang, 2009) 129 gi|192764240|gb|ACF05664.1| Cluster III 
uncultured prokaryote (Dang, 2009) 129 gi|192764242|gb|ACF05665.1| Cluster III 
uncultured prokaryote (Dang, 2009) 129 gi|192764246|gb|ACF05667.1| Cluster III 
uncultured prokaryote (Dang, 2009) 129 gi|192764248|gb|ACF05668.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 124 gi|21586701|gb|AAM54326.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586703|gb|AAM54327.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586709|gb|AAM54330.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 129 gi|21586721|gb|AAM54336.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586725|gb|AAM54338.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586729|gb|AAM54340.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 129 gi|21586733|gb|AAM54342.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586735|gb|AAM54343.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586737|gb|AAM54344.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586739|gb|AAM54345.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586741|gb|AAM54346.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586745|gb|AAM54348.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 129 gi|21586751|gb|AAM54351.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 129 gi|21586753|gb|AAM54352.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586755|gb|AAM54353.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586757|gb|AAM54354.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 129 gi|21586761|gb|AAM54356.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586763|gb|AAM54357.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586765|gb|AAM54358.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586767|gb|AAM54359.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586775|gb|AAM54363.1| Cluster III 
uncultured prokaryote (Mehta, 2003) 127 gi|21586777|gb|AAM54364.1| Cluster III 
1B_nifH_ERB_1_G1 - translation 140 this study Cluster IV 
1B_nifH_ERB_1_G5 - translation 140 this study Cluster IV 
1B_nifH_ERB_1_H8 - translation 140 this study Cluster IV 
1B_nifH_ERB_2_A9 - translation 140 this study Cluster IV 
1B_nifH_ERB_2_B9 - translation 140 this study Cluster IV 
1B_nifH_ERB_2_C5 - translation 140 this study Cluster IV 
1B_nifH_ERB_2_D4 - translation 139 this study Cluster IV 
1B_nifH_ERB_2_D7 - translation 140 this study Cluster IV 
1B_nifH_ERB_2_E10 - translation 134 this study Cluster IV 
1B_nifH_ERB_2_E11 - translation 138 this study Cluster IV 
1B_nifH_ERB_2_E4 - translation 140 this study Cluster IV 
1B_nifH_ERB_2_E5 - translation 134 this study Cluster IV 
1B_nifH_ERB_2_E7 - translation 139 this study Cluster IV 
1B_nifH_ERB_2_G4 - translation 140 this study Cluster IV 
1B_nifH_ERB_2_G6 - translation 139 this study Cluster IV 
1B_nifH_ERB_2_G9 - translation 140 this study Cluster IV 
1B_nifH_ERB_2_H5 - translation 140 this study Cluster IV 
1B_nifH_ERB_2_H8 - translation 140 this study Cluster IV 
Clostridium kluyveri DSM 555 nifH3: 
NC_009706 
127 gi|153955079|ref|YP_001395844.1| Cluster IV 
Desulfitobacterium hafniense DCB-2 
Dhaf_4502, unfinished sequence: 
NZ_AAAW04000002 
128 _unfinished_sequence:_NZ_AAAW04000002 Cluster IV 
Desulfitobacterium hafniense Y51 DSY0362 
: NC_007907 
125 gi|89893108|ref|YP_516595.1| Cluster IV 
Fusobacterium nucleatum subsp. nucleatum 
ATCC 25586: NC_003454 
125 gi|19703648|ref|NP_603210.1| Cluster IV 
hyperthermophilic methanogen FS406-22 128 gi|118197440|gb|ABK78685.1| Cluster IV 
Methanobacterium thermoautotrophicum str. 
Delta H MTH643: AE000666 
124 gi|15678670|ref|NP_275785.1| Cluster IV 
Methanobrevibacter smithii ATCC 35061: 
NC_009515 
125 gi|222444802|ref|ZP_03607317.1| Cluster IV 
Methanocaldococcus jannaschii DSM 2661: 
NC_000909 
128 gi|15669069|ref|NP_247874.1| Cluster IV 
Methanococcus aeolicus Nankai-3 
Maeo_0506: NC_009635 
140 gi|150400938|ref|YP_001324704.1| Cluster IV 
Methanococcus maripaludis C7: NC_009637 140 gi|150403070|ref|YP_001330364.1| Cluster IV 
Methanococcus vannielii SB Mevan_1152: 
NC_009634 
140 gi|150399896|ref|YP_001323663.1| Cluster IV 
Methanococcus voltae  128 gi|128268|sp|P06119.1|NIFH_METVO Cluster IV 
Methanosarcina acetivorans C2A 134 gi|20090488|ref|NP_616563.1| Cluster IV 
Methanosarcina mazei strain Goe1: 
AE008384 
127 gi|21226616|ref|NP_632538.1| Cluster IV 
Methanospirillum hungatei JF-1 126 gi|88602086|ref|YP_502264.1| Cluster IV 
Bead capture (Pernthaler, 2008) 126 gi|188485517|gb|ACD50923.1| Cluster IV 
Bead capture (Pernthaler, 2008) 140 gi|188485529|gb|ACD50929.1| Cluster IV 
Bead capture (Pernthaler, 2008) 140 gi|188485531|gb|ACD50930.1| Cluster IV 
uncultured prokaryote (Dang, 2009) 126 gi|192764150|gb|ACF05619.1| Cluster IV 
uncultured prokaryote (Dang, 2009) 125 gi|192764152|gb|ACF05620.1| Cluster IV 
uncultured prokaryote (Dang, 2009) 129 gi|192764174|gb|ACF05631.1| Cluster IV 
uncultured prokaryote (Dang, 2009) 129 gi|192764216|gb|ACF05652.1| Cluster IV 
uncultured prokaryote (Dang, 2009) 126 gi|192764236|gb|ACF05662.1| Cluster IV 
uncultured prokaryote (Dang, 2009) 126 gi|192764278|gb|ACF05683.1| Cluster IV 
uncultured prokaryote (Dang, 2009) 139 gi|192764288|gb|ACF05688.1| Cluster IV 
uncultured prokaryote (Dang, 2009) 139 gi|192764290|gb|ACF05689.1| Cluster IV 
uncultured prokaryote (Dang, 2009) 129 gi|192764296|gb|ACF05692.1| Cluster IV 
uncultured prokaryote (Dang, 2009) 129 gi|192764304|gb|ACF05696.1| Cluster IV 
uncultured prokaryote (Mehta, 2003) 140 gi|21586713|gb|AAM54332.1| Cluster IV 
uncultured prokaryote (Mehta, 2003) 134 gi|21586715|gb|AAM54333.1| Cluster IV 
uncultured prokaryote (Mehta, 2003) 124 gi|21586719|gb|AAM54335.1| Cluster IV 
uncultured prokaryote (Mehta, 2003) 138 gi|21586723|gb|AAM54337.1| Cluster IV 
uncultured prokaryote (Mehta, 2003) 134 gi|21586749|gb|AAM54350.1| Cluster IV 
uncultured prokaryote (Dang, 2009) 136 gi|192764178|gb|ACF05633.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 136 gi|192764180|gb|ACF05634.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 136 gi|192764182|gb|ACF05635.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 136 gi|192764184|gb|ACF05636.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764186|gb|ACF05637.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 136 gi|192764188|gb|ACF05638.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 136 gi|192764190|gb|ACF05639.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 136 gi|192764192|gb|ACF05640.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 136 gi|192764194|gb|ACF05641.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 136 gi|192764198|gb|ACF05643.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764200|gb|ACF05644.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764202|gb|ACF05645.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764204|gb|ACF05646.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764206|gb|ACF05647.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764208|gb|ACF05648.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764210|gb|ACF05649.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764212|gb|ACF05650.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764214|gb|ACF05651.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764220|gb|ACF05654.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764222|gb|ACF05655.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764226|gb|ACF05657.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764228|gb|ACF05658.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 137 gi|192764230|gb|ACF05659.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 136 gi|192764294|gb|ACF05691.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 129 gi|192764298|gb|ACF05693.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 136 gi|192764300|gb|ACF05694.1| Okhotsk (V) 
uncultured prokaryote (Dang, 2009) 136 gi|192764302|gb|ACF05695.1| Okhotsk (V) 
1B_nifH_ERB_1_G11 - translation 126 this study Seep 
1B_nifH_ERB_1_G3 - translation 128 this study Seep 
1B_nifH_ERB_1_G6 - translation 128 this study Seep 
1B_nifH_ERB_1_H11 - translation 128 this study Seep 
1B_nifH_ERB_1_H12 - translation 128 this study Seep 
1B_nifH_ERB_1_H3 - translation 128 this study Seep 
1B_nifH_ERB_1_H5 - translation 128 this study Seep 
1B_nifH_ERB_1_H6 - translation 128 this study Seep 
1B_nifH_ERB_1_H7 - translation 128 this study Seep 
1B_nifH_ERB_2_A10 - translation 128 this study Seep 
1B_nifH_ERB_2_A11 - translation 107 this study Seep 
1B_nifH_ERB_2_A6 - translation 128 this study Seep 
1B_nifH_ERB_2_B10 - translation 128 this study Seep 
1B_nifH_ERB_2_B11 - translation 124 this study Seep 
1B_nifH_ERB_2_B5 - translation 128 this study Seep 
1B_nifH_ERB_2_B6 - translation 128 this study Seep 
1B_nifH_ERB_2_B8 - translation 128 this study Seep 
1B_nifH_ERB_2_C11 - translation 128 this study Seep 
1B_nifH_ERB_2_C4 - translation 128 this study Seep 
1B_nifH_ERB_2_D11 - translation 125 this study Seep 
1B_nifH_ERB_2_D12 - translation 128 this study Seep 
1B_nifH_ERB_2_D3 - translation 128 this study Seep 
1B_nifH_ERB_2_D8 - translation 128 this study Seep 
1B_nifH_ERB_2_E6 - translation 128 this study Seep 
1B_nifH_ERB_2_E8 - translation 128 this study Seep 
 
 
 
 
1B_nifH_ERB_2_F10 - translation 128 this study Seep 
1B_nifH_ERB_2_F12 - translation 128 this study Seep 
1B_nifH_ERB_2_F5 - translation 128 this study Seep 
1B_nifH_ERB_2_F6 - translation 128 this study Seep 
1B_nifH_ERB_2_F7 - translation 128 this study Seep 
1B_nifH_ERB_2_F9 - translation 128 this study Seep 
1B_nifH_ERB_2_G10 - translation 128 this study Seep 
1B_nifH_ERB_2_G11 - translation 128 this study Seep 
1B_nifH_ERB_2_G2 - translation 128 this study Seep 
1B_nifH_ERB_2_G3 - translation 128 this study Seep 
1B_nifH_ERB_2_H1 - translation 128 this study Seep 
1B_nifH_ERB_2_H6 - translation 128 this study Seep 
1B_nifH_ERB_2_H7 - translation 128 this study Seep 
BAF96793 uncultured archaeon 120 gi|164454498|dbj|BAF96793.1| Seep 
BAF96808 uncultured archaeon 120 gi|164454516|dbj|BAF96808.1| Seep 
Bead capture (Pernthaler, 2008) 128 gi|188485503|gb|ACD50916.1| Seep 
Bead capture (Pernthaler, 2008) 127 gi|188485505|gb|ACD50917.1| Seep 
Bead capture (Pernthaler, 2008) 128 gi|188485507|gb|ACD50918.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764154|gb|ACF05621.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764156|gb|ACF05622.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764158|gb|ACF05623.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764160|gb|ACF05624.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764162|gb|ACF05625.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764164|gb|ACF05626.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764166|gb|ACF05627.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764168|gb|ACF05628.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764170|gb|ACF05629.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764172|gb|ACF05630.1| Seep 
uncultured prokaryote (Dang, 2009) 126 gi|192764250|gb|ACF05669.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764252|gb|ACF05670.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764254|gb|ACF05671.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764256|gb|ACF05672.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764258|gb|ACF05673.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764260|gb|ACF05674.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764262|gb|ACF05675.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764264|gb|ACF05676.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764266|gb|ACF05677.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764268|gb|ACF05678.1| Seep 
uncultured prokaryote (Dang, 2009) 126 gi|192764270|gb|ACF05679.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764272|gb|ACF05680.1| Seep 
uncultured prokaryote (Dang, 2009) 125 gi|192764274|gb|ACF05681.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764276|gb|ACF05682.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764280|gb|ACF05684.1| Seep 
uncultured prokaryote (Dang, 2009) 127 gi|192764284|gb|ACF05686.1| Seep 
uncultured prokaryote (Dang, 2009) 128 gi|192764286|gb|ACF05687.1| Seep 
ERB_nifHK_D11 128 this study Seep 
ERB_nifHK_D4 120 this study Seep 
ERB_nifHK_Q3 128 this study Seep 
ERB_nifHK_Q6 128 this study Seep 
Table S4. Acetylene inhibition of sulfide production. Sulfide was measured after 10 
weeks incubation of PC 14 sediment with methane. Headspace was flushed and refilled at 
8 weeks. Percent acetylene in the headspace is the initial value and was measured by gas 
chromatography, concentration of sulfide was measured by the Cline Assay. 
Acetylene (%) Sulfide (uM) 
0.0 2256 
0.0 2450 
0.0 4372 
0.2 334 
0.4 324 
0.4 180 
0.5 234 
0.7 186 
0.7 170 
1.2 115 
1.3 189 
1.5 363 
4.6 145 
4.9 70 
7.9 79 
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